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1 
My invention relates to induction heating ap- 
paratus, and more particularly to induction 
heating for the continuous hardenLug of metal 
parts, and has for ifs purpose a simple, reliable 
and compact induction heating apparatus. 5 
More speciflcally, my invention relates to con- 
tinuous surface heating and hardening of mas- 
sive metal parts by means of high frequency in- 
duction heating where the metal of the work- 
piece ls such that if requires a heat soaking pe- 10 
riod before heating to decalescent temperature 
as part of the hardening process. The work- 
piece and the heating coils are moved relatively 
so as progressively to heat the workpiece. Af ter 
such heating the metal is separately quenched 15 
or is allowed to cool by internal conduction and 
dissipation of heat into the large body of the 
workpiece which occurs quickly as the heated 
area passes the heat source. 
Previously, this soaking and heating was ac- 20 
complished by the use of an elongated spiral coil 
parallel to the surface of the moving workpiece, 
one-half of which cofl covered the workpiece 
whfle the other hall was suspended in air and 
was doing no useful work. Also, due to conflgura- 25 
tion, this cofl necessarfly contained proximate 
parallel straight elements of sections of the coil 
with reverse currents causing opposite induced 
currents in the workpiece thus tending to nullify 
the total heating effect, and lessening the efli- 30 
ciency of the heater. 
The object of my invention is to provide an 
improved inductive heating apparatus that sup- 
plies the heat soaking period necessary in the 
hardening of certain metals of which cast iron 35 
is an example, as well as the heat necessary to 
the hardening process. 
My invention accomplishes this result by the 
use of a heating inductor which includes a plu- 
rality of particularly designed coils, each sym- 40 
metrical about a common axis, such axis being 
in a plane with the center of the workpiece. The 
straight elements of all the cofls are disposedin 
a common plane diverging from the line of 
ginning of inductive engagement with the work- 45 
piece. To prevent the burning of the sharp edges 
of the metal, the inner of such coils provides the 
greater part of the necessary soaking heat, wkile 
the outer coil, along if s straight elements supplies 
the remainder of the soaking heat. Therefore, 50 
as the workpiece arrives under the straight end 
element of the outer coil which is transverse to 
and parallel to the surface of workpiece, the heat 
is unevenly distributed through the metal. This 
straig-ht end element is dispesed closer fo the 
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surface of workpiece than are the other straight 
elements, and its function is to bring the work- 
piece to even decalescent temperature from edge 
to edge. 
A further advantage of thls apparatus is that 
a deeper penetration of heat can be obtained 
with a plurality of coils used in parallel connec- 
tion, than is possible if but one cofl were used, 
since more heat can be supplied at a temperature 
below the burning point of the metal in the 
workpiece. 
For a more complete understanding of my in- 
vention, reference is marie to the accompanying 
perspective drawing of the position of the induc- 
tion coils with respect to the workpiece. 
Referring to the drawing, I have shown my in- 
vention in one form as applied to heating in the 
process of surface hardening of a massive work- 
piece comprising a metal that requires a heat 
soaking period prior to heating to the decalescent 
temperature. If is desired to harden a wear- 
ing surface layer on the workpiece | moving Lu 
the direction of the arrow 2. In accordance with 
my invention, I heat the surface of the workpiece 
by induction currents set up in the workpiece by 
symmetrical induction coils 3 and  formed from 
electrically conducting hollow or tubular material 
such as /4" copper tubing, each shaped substan- 
tially in the form of a hairpin loop and extending 
in the direction of travel of the workpiece. Ini- 
tial inductive contact occurs in the region of the 
open ends of the coils. 
The workpiece and heating coils are mounted on 
suitable supporting means (not shown) for rela- 
tive motion with respect to each other so that dur- 
ing the heating operation the cofls !oass con- 
tinuously at a uniform speed along the surface of 
the workpiece being treated Lu parallel spaced 
relation therewith. Generally, I prefer to move 
the workpiece because the flexible leads requisite 
for moving coils of high frequency bave high 
power losses incident thereto. The scanug 
speed is selected to provide for thé gradual heat- 
ing to the hardening temperature of the surface 
layer to the desired depth. 
During the heating operation current is Lu- 
troduced to the coils from supply connections § 
and $ ai a suitable high frequency such as 540,000 
cycles per second. Also a cooling fluid, pref- 
erably water, is circulated through the hollow 
conductor of the coils, as indicated by the arrows 
7 and 9 for the purpose of cooling the cofls. 
The heat induced in a body mus be generated 
at a temperature below the burning temperature 
of the metal of that body. In my apparatus .two 
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parallel coils are used instead of one, allowing 
heat fo be induced simultaneously in more sec- 
tions of the workpiece without exceeding the 
burning temperature of the metal than could be 
obtained with a single coil, thus insuring a deeper 
penetration of the surface. 
The coils 3 and 4 are mounted with a common 
axis æ--y disposed in the direction of trvel 2 of 
the workpiee. Straight leg elements 9 and ! 0 of 
coil 3 and the whole of the effective inductive ]0 
length of coil 4, which consists of straight ele- 
ments Il and 12 and curved bight portion ii 
lie in  common plane. The straight leg ele- 
ments 9, 19, ! ! and 12 diverge from the common 
axis beginning at the transvèrse linWof.first in- ].5 
ductive engagement between the coils and the 
workpiece towards the closed bight portions of 
the coils. The straight leg elements of cofl 3 end 
in two vertical loop elements, 14 and 15 which 
begin substantially at the beginning of curvature 2o 
of-bight portion 3 of the inner coil and extend 
beyond coil 4. These non-planar loops are pro- 
vïded because of their comparatively low induc- 
tire heating effect on the workpiece fo prevent 
excessive heating of the metal as the w0rkpiece _0.5 
passes the high inductive loop ! 3 of coil 4, and also 
to provide a conductor fo the straight end ele- 
ment |6 of coil 3. This transverse straight end 
element 6 is disposed parallel fo the common 
plane of the other straight elements, and nearer 0 
to the surface of the workpiece. A space is pro- 
vided between the closed bight portions of both 
coils fo allow temperature equalization belote 
final heating. Substantially af the line of begin- 
ning of inductive contact between the coïls and 
the workpiece, the ends of both coils are bent 
out of the common plane and are connected to 
headers 17 and 6 which provide support for the 
heating members. 
-his heat treatment is designed for Workpieces 40 
of great length as well as of .massive cross-section 
so the application of heat and quench fluid fo 
the workpiece is a continuous process from the 
beginning to the end of each individual work- 
piece. -For clarity, one transverse section of the 4-,5 
workpiece wfll be considered as .if is heated by 
the cofls to the desh'ed decalescent temperature. 
As this section of the workpiece enters he 
region of inductive contact With the apparauS, 
coils 3 and 4 begin to induce heat af the center .5o 
of the section. Of the two coils 3 and 4.thé.inner 
cofl 3 being somewhat shorter and consequently 
having less impedance, will draw more current 
and therefore wfll induce heat in the section af a 
greater rate than will the outer coil. .55 
As te section moves forward, heat is induced 
gradually outward from the center by the four 
side by side straight elements 9, 6, ! and 12 
until the section arrives at the beginning of the 
bight portion 3 of coil 4. From this point fo 6o 
the end of coil 4 heating is induced by the.elernent 
3 plus the negligible heat induced by vertical 
looPs 4 and  of coil . Upon passing cofl 
the heat is unevenly distributed over the trans- 
verse section of the workpiece but tends fo equal- 
ize in the short distance between coil 4 and the 
straight end element 16 of the bight portion of 
coil 3, which then brings the section £o the uni- 
form decalescent temperature required before 
quenching. 7O 
A feature of my invention is that the induction 
of heat in any section begins af the center and 
extends gradually toward the. edge t0 prevent 
burrfing .of the edges of the workpiece. In this 
way the material of the w0rkpiece is not .allowed 

fo arrive at dangerously high temperature untll 
brought fo the decalescent temperature by in- 
duction from the straight member ! 6. 
The length of the soaking period is the elapsed 
rime while a section traverses from the point of 
flrst inductive contact until it passes elernent 
a.nd is dependent upon the length of the cofls and 
the speed of the workpiece. These values rnay be 
varied for different metals. 
What I claim as new and desire to secure by 
-Letters Patent of the United States is: 
1. An induction heating apparatus for use in 
the continuous surface ha.rdening of rnetals re- 
quiring a comparatively long soaking heat, includ- 
ing a heating inductor arranged for relative 
movement with respect to a workpiece, said in- 
ductor cornprising a plurality of substantially 
co-planar high frequency hairpin-shaped coils 
substantially syrnrnetrically disposed one within 
another about a common axis and disposed with 
said axis in the direction of said relative more- 
ment and substantially parallel to the surface of 
said. workpiece, for providing the necessary.soak- 
ing heat and a transversely disposed, bight por- 
tion forming a part of the outerrnost of said coils 
for raising the temporature of said surface to a 
predetermined uniform value, said transversely 
disposed portion being spaced from the bight por- 
tion of the adjacent coil and from the legs of said 
outermost coil by non-planar connections 
tween said transversely disposed portion and said 
legs. 
2. An induction heating pparatus cornprising 
a heating inductor .for-use in .connection with 
the continuous heating of rnetals requiring a 
comparatively long soaking heat, constructed for 
relative movement with respect to a workpiece, 
cornprising a plurality of co-planar high fre- 
quency coils each substantia.lly symmetrical about 
a cornmon aXiS and disposed with said axis in the 
direction of said relative rn0vernent and sub- 
stantially parallel to the surface of said work- 
piece, said coils being positioned one within an- 
other, each coil being provided with two straight 
elements diverging from said common axis away 
from the region of initial inductive contact with 
the workpiece and a bight port0n connecting the 
diverging ends of the elements fo complete the 
coil, said coils forrning an effective planar source 
of Soaking heat, tle bight portion of the outer- 
most of said coils comprising a transversely dis- 
p0sed portion substantialty parallel fo the surface 
of said-workpiece for raising the temperature of 
the surface of said Workpiece to a predeterrnined 
uniform value said transversely disposed portion 
being connected fo the diveging ends of the 
straight elements in a manner such that said 
transversely disposed portion is spaced frorn the 
bight portion of the adjacent coil. 
.3. An induction heating apparatus comprising 
a heating inductor for use in connection with the 
continuous hardening of rnetals requiring a corn- 
paratively long soaMng heat, constr.ucted for re]a- 
tive-movernent with respect to a workpiece, com- 
prising a plurality of co-planar high frequency 
substantilly hairpin shaped coils syrnmetricátly 
disposed one within another about a common 
axis and disposed with said axis in the direction 
of said relative movement and substantially par- 
allel to the surface of said workpiece, said coils 
being of progressively greater irnpedance frorn 
the inner to the outer of said coils fo provide a 
higher rate of induction nearer the center of the 
workpiece to insure against burning of the sharp 
edglë-of tJh 0rkPecç, .each sid c0ll being pro- 



vided with two straight elements diverging frorn 
the common axis away frorn the line of initial 
inductive contact with the workpiece and a bight 
portion connecting the diverging ends of said 
straight elements, said coils forming an effective 
planar source of soaking heat, the bight portion 
of the outer coil including a transverse straight 
end element substantially parallel fo and nearer 
fo the surface of said workpiece as the source of 
heat necessary fo raise the workpiece progres- 
sively to an even decalescent temporature, said 
transverse element being connected to the 
straight elements by a pair of vertically disposed 
loops whereby said transverse element is effec- 
tively spaced from the straight elements and 
from the bight portion of the adjacent coil fo 
allow an interval for temporature equalization of 
the surface of said workpiece before said trans- 
verse element becomes effective. 
4. An induction heating apparatus comprising 
a heating inductor for use in connection with the 
continuous hardening of metals requiring a com- 
paratively long soaking heat, constructed for 
relative movement with respect fo a workpiece, 
comprising a plurality of substantially co-planar 
high frequency substantially hairpin-shaped coils 
symmetrically positioned one within another 
about a common axis and disposed with said 
axis in the direction of said relative movement 
substantially parallel to the surface of said work- 
piece, the inner of said coils being of progres- 
sively greater inductance than the outer of said 
coils to provide a higher rate of induction nearer 
the center of the workpiece as insurance against 
burning of the sharp edge of the workpiece, said 
inner coil provided with a high inductive trans- 
verse curved end element, said outer coil provided 
with two low inductance vertical loop elements 
disposed transversely opposite said curved end 
element and extending beyond said inner coil 
and a transverse straight element connected be- 
tween said loop elements, said loop elements 
acting as low inductive conductors fo carry the 
current of the said outer coil past said high 
inductive curve element to said transverse 
straight element fo obviate danger of overheating 
the metal as the workpiece traverses said curve 
element, said transverse straight element pro- 
viding the heat necessary to raise the workpiece 
proressively to an even decalescent tempera- 
ture. 
5. An induction heating apparatus for use in 
the heating of metals, comprising two substan- 
tially hairpin shaped coils connected in parallel, 
one inside the other and shorter fo carry more 
current, each being provided with two straight 
sides disposed substantially in a common plane 
and with both coils extending fo their closed ends 
in the direction of relative movement to a work- 
pioecoe, the closed ends of said coils being spaced 
apart in said direction of movement fo provide 
a temperature equalizing period during traverse 
of the workpiece between said closed ends, and 
the outer of said coils being provided with a 
straight closed end element disposed nearer to 
the workpiece surface than said common plane in 
order flnally to raise the workpiece fo an even 
desired temperature, said ilimint being con- 
nected to the two straight sides of the outer coil 
by a pair of vertically disposed loops whereby said 
end element is effectivily spaced from the straight 
sides of the outer coil and from the closed end 
of the inner cofl to allow an interval for the 
surface temperature of the workpiece tobe equal- 

ized by conduction before said ënd elCent be- 
cornes effective. 
6. An induction heating apparatus for use in 
connecti0n with the heat treatrnent of metals re- 
5. quiring a soaking heat, comprising two substan- 
tially hairpin shaped coils connected in parallel, 
one inside the other and shorter to carry more 
current, each being provided with two straight 
sides disposed substantially in a common plane 
lq and with both coils extendingto their closed ends 
in the direction of relative movement of the work- 
piece, a space being provided between the closed 
ends of said coils extending in said direction of 
movement fo. provide a temperature equalizing 
15. .period during traverse of the workpiece between 
said closed ends, the portion of said coils tra- 
versed before the said space providing the soak- 
ing heat and the portion traversed following the 
space providing the final heat necessary to bring 
2O the wo2kpiece fo a final even decalescent ternpera- 
ure, the end portion of said outer coil being 
connected fo the straight sides of this cofl bY a 
pair of vertically disposed loops whereby sub- 
stantially no heat is imparted to the workpiece 
25 in the said space between the end portions of the 
two coils. 
7. An induction heating apparatus comprising 
a heating inductor for use in connection with the 
continuous hardening of metals requiring a corn- 
30 paratively long soaking heat, constructed for 
relative rnovement with respect to a workpiece, 
comprising two substantially hairpin-shaped cofls 
symmetrically disposed one within another about 
a common axis and disposed with said axis in 
35 the direction of said movement and substantially 
parallel to the surface of said workpieceo the 
outer of said coils having a greater electrical 
impedance than the inner coil to provide a higher 
rate of induction nearer the center of the work- 
40 piece as insurance aginst burning of the sharp 
edge of the workpiece, each coil being provided 
with two straight elements diverging outward 
from the common axis away frorn the line of 
initial inductive contact with the workpiece, the 
45 said two straight elements of the inner cofl con- 
nected by a curved end element, said curved ele- 
ment and the said straight elements of both coils 
forming an effective planar source of soaking 
heat, said straight elements of said outside cofl 
50 being connected to a transverse straight end 
mernber by two low inductance vertical loop ele- 
ments transversely opposite the curved end ele- 
ment of said inner coil and extending beyond 
said inner coil, acting as conductors to carry 
55 outer coil current past the said high inductance 
curved element of said inner coil to prevent 
burning as the workpiece traverses said curved 
element, said transverse element of said outer 
coil being furnished to provide the heat necessary 
60 to raise the workpiece progressively to an even 
decalescent temperature. 
8. A heating inductor comprising, a pair of 
heating coils connected in parallel for energiza- 
tion by a common source of electrical current, 
65 each of said coils having a pair of straight leg 
portions, all four of said leg portions being lo- 
cated side by side in divergent co-planar rela- 
tion, a bight portion joining the diverging ends 
of the inner pair of said leg portions to close one 
70 of said coils, and a transversely disposed bight 
portion parallel to the plane of said leg portions 
connecting the diverging ends of the outer pair 
of leg portions to close the other of said coi]s, said 
transversely disposed portion being spaced frorn 
75 the bight portion of the innerrnost c9il and frein 



ttïe le iortions of- sid outermost c0it 
planar connections between said transversely dis 
posed portion and said outer leg Portions 
9 A heating inductor comprising a . pair of 
heaing: coils arranged in substantfïlly Sym- 
metrical relation one witlïin the. other each 
said cofls having a pair of substantially , straitit ' 
leg portions, all four of` Said lgPortions being 
locatd sid b.side in coplanar-relation, a - biglï 
portion Joining the ends-0f th inner  two 19g 
portions at one extremiy to close oné of said 
cofls, and a transverselF dispc)sed' bight portion 
substantia-lly parallel to th plane of-  sakl' ]g 
p6rtionS j0ining the ends of tle outer 
portions, af the saine extremity fo close tlë other 
of saîd- colls, Said transversel- disposed pozti0n 
being spaced from the innerm0st coll nd from 
the leg portions of the outemost coil by/i0n 
planar connectionsbetween said transvesèly dls, 
posed portïon and stid outr two  lg. poïcti0ns. 
RAYRVIOND iI. BUKATY. 
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